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IN the autumn of 191.4 the French first undertook experiments 
to determine whether the enemy artillery positions could be located 
by means of the sound of the firing of the guns. These experi- 
ments met with sufficient success to warrant the establishment of 
sound-ranging sections along the entire western front. When the 
British arrived in force in France they also established a sound- 
ranging service which employed apparatus which was somewhat 
more elaborate than that adopted by the French and which was 
especially designed to meet conditions on a very active front. 

When, in the early opening of 1917, the first American troops 
went into the line American sound-ranging sections went in with 
them, equipped with apparatus furnished by the British and di- 
rected by officers who had been trained in their special duties on 
the British front. At the same time other American sound-ranging 
troops were being trained in the back area and apparatus was 
being constructed in America with which to provide the sections 
which were needed when the steady flow of American combat 
troops began to arrive in France. 
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At the signing of the armistice a battalion of ranging troops 
consisting of five companies was in France; about one-half of the 
battalion was engaged in sound-ranging and the o’ther half in the 
special form of visual observation known as flash-ranging. 

PRINCIPLES OF SOUND-RANGING. 

Sound travels in still air at zero degrees centigrade (the freez- 
ing point of water), at the rate of 330.6 metres per second 
(roughly I IOO feet per second). At IO degrees centigrade the 
speed to the nearest whole number is 337 metres per second. The 
velocity is not only affected by the temperature of the air, but also 
the apparefzt velocity is very markedly affected by the velocity and 
direction of the wind. It follolws from this that a survey carried 
out by the means of sound waves unlike a survey carried out in the 
ordinary manner by light waves is subject to errors introduced by 
the lack of accurate knowledge of the wind and temperature cor- 
rections which it is necessary to apply to the data of observation. 
Furthermore there is a lack of parallelism between a light survey 
and a sound survey which will be evident from the following con- 
sideration : To locate a point on the ground by a light survey it is 
only necessary to secure an intersection of two light streams 
towards two known points on a surveyed base line by the use of 
relatively small telescopes, while to obtain a location at all com- 
parable in accuracy by means of sound it would be necessary to use 
instruments of prohibitively’great size. Fortunately, however, ad- 
vantage may be taken of the low velocity of sound compared to 
that of light to obtain a survey from three points without the use 
of listening apparatus of great size. This method entails the accu- 
rate measurement of the differences of times of arrival of sound at 
the three points. This, of course, entails the use of some form of 
accurate clock, and precludes the use of human observers who 
might differ too much in their reaction times. 

In still air at IO degrees centigrade the sound from a gun 
moves out in a wave of 8compression and rarefaction which travels 
337 metres per second. If the gun is at G and mechanical listeners 
electrically connected to a common timing device are situated at 
M,, M, and M, and if, for example, GM, be 3370 metres, the 
sound of the gun will reach M, in IO seconds, and the front of the 
spherican wave will go through M,, N, and N,. This wave front 
moving with the velocity of 337 metres per second will reach M, 
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later than it reaches Ml. How much later is determined by the 
time it takes the sound to travel the distance N,, M,. 

Thus the interval between the arrival of the sound at MI and 

at M, will beN1 M2 __ seconds, and the interval between the arrival at 
337 

M, and at M, will be iv2 M3 -seconds. 
337 

Suppose the distance N, M, 

were 33.7 metres, then the interval of time between the arrival at 

FIG. I. 
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M, and at M, would be one-tenth of a second, and this time would 
be recorded on the timing device electrically connected with M, 
and M,. This interval alolnc would not serve to locate the posi- 
tion of the gun, for there are a whole series of positions which the 
gun might occupy and still send the sound to M, a tenth of a 
second earlier than to M,-in fact G might lie anywhere provided 
GM, were greater than GM, by 33.7 metres in the example chosen. 
Stated more mathematically, G must lie on a particular hyperbola 
having M, and M,, as foci for an hyperbola is a curve drawn so 
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that the difference of the distances from any point of the curve to 
the two fixed points, or foci, is a constant (33.7 metres in this 
case). Now if G is not close to M, and .M, compared to the dis- 
tance between M, and M,, which is the practical case on the battle 
front, the hyperbola on which G must lie is practically a portion of 
a straight line which, if prolonged, goes through a point midway 
between M, and M, and thus it is possible to determine the direc- 

TIME SCALES FIG. 2. 
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Plotting board. 

tion from this mid-point. A plotting board may be prepared in 
advance which has a string pivoted on the mid-point A, and a 
scale on the edge of the board marked with hundredth and tenth 
second intervals. In the example chosen this string would have 
to be set at the point marked “1/10th second left” and the gun 
would be determined to lie on the ground at some point repre- 
sented on the plotting board as a point lying under the string. 
Similarly if the observed interval between the times of arrival of 
the report at M, and M, be laid off on a second scale for string 
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pivoted on the mid-point B the intersection of the two strings 
would locate on the plotting board the positioa of the gun on the 
ground. Naturally the plotting board must be very carefully pre- 
pared frolm an accurate survey of the posibns of the listening 
instruments on the ground. 

The location found on the plotting board will only be exact 
without correction if the temperature of the air is IO degrees 
centigrade and if there is no wind. If there is no wind but the 
temperature is greater than IO degrees centigrade the sound will 
have travelled more rapidly than was assumed in the preparation 
of the plotting board and the intervals will thus be too small for 
the scale adopted in drawing the board. The amounts by which 
the intervals must be augmented if the temperature of the air be 
known are easily calculated and the strings may be set for the 
corrected intervals, and the intersection determines the true po- 
sitioln of the gun as, before. If a wind be blowing with a known 
velocity in a given direction it is only the components of this ve- 
locity which lies along the directions GM,, GM,, and GM, 
which will affect the times of arrival or the sound at the listening 
instruments; the observed intervals may therefore be easily cor- 
rected to what they would have been were there no wind and the 
plotting strings set accordingly. 

The theory of the application of the wind and temperature cor- 
rections is an extremely simple matter, and the application itself 
is easy and rapid because of fihe graphical method of calculation 
employed in the construction of the string plotting board. The 
real difficulty lies in an uncertainty as to what the true tempera- 
ture and wind are since the sound comes by a path inaccessible 
to observation. More than half of the path lies behind the enemy 
lines and the remainder lies in a region in which it is not per- 
missible to attract the attention of the enemy by carrying out any 
unnecessary activities. 

Three listening instruments electrically connected with a 
“central” or calculating station are theoretically sufficient to per- 
mit of a survey of the enemy batteries by sound; however, it is in 
practice advisable to employ more than three instruments for the 
follo+ng reasons : The electrical connections between the instru- 
ments and the time-recordin g mechanism at the “central” are 
unavoidably subject to considerable cutting by’the enemy’s shell- 
fire: it is out of the question to bury the lines to a sufficient depth 
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to avoid all cutting and a shallow bury renders the location and 
repair of breaks which do occur extremely difficult; the practice 
has been to lay the lines exposed on the ground and to provide a 
sufficient force of linesmen to ensure quick repairs. In order 
that the section may continue its work while such repairs are 
being made, six listeners instead of three are provided in the ex- 
pectation that at least three will always be in working condition. 
If only the minimum number (three) of listening instruments are 
employed, no estimate of the accuracy of a location can be formed, 
whereas if six instruments be used the location is determined by the 
intersection of five strings on the plotting board; if these all inter- 
sect in a point the location is probably accurate, whereas if the 
intersection is poor the location is probably badly in error. A 
study was’ made of the errors corresponding to certain typical in- 
tersections and a general plan of reporting the probable accuracy 
of the location from the character of the intersection was adopted. 
The officer in command of a sound-ranging section thus reported 
to the artillery not only the location, target and probable calibre 
of an active enemy battery but also whether the location was prob- 
ably accurate to fifty, one hundred or one hundred and fifty 
metres; these estimates were formed in a scientific manner, and 
all of the various sections on the front employed the same method. 
After a considerable number of the enemy’s battery positions had 
been captured it was possible to check up the errors of the indi- 
vidual sound-ranging locations with the results of a careful survey 
of the positions; it was found that the estimates of accuracy had 
been rather too conservative, for in none of the cases examined 
was the accuracy less than had been claimed when the report was 
made, and in the majority of the cases it was considerably greater. 

The recording mechanism at the “central” consisted of an 
accurate timing device arranged so as to photograph on a moving 
strip of sensitized paper a series of lines about one-fiftieth of an’ 
inch apart; these lines were the shadows cast by a set of spokes 
of a wheel which was kept spinning in the path of a beam of light 
which fell on the sensitized paper; the rate of spin of the spoked 
wheel was governed by a tuning fork so that the shadows were 
cast on the paper with the greatest attainable regularity ; the rate 
chosen was one hundred shadows per second, so that the photo- 
graphic paper had recorded across its entire width an extremely 
accurate time scale. the smallest interval of which was one one- 
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hundredth of a second ; the tenth second mark and the entire sec- 
ond mark were made so as to be easily distinguishable from the 
others in order to permit rapid counting The photographic paper 
employed was of the standard moving picture film width, as this 
could be obtained quickly and at low cost both in Europe 
and America. 

Superimposed on the time scale on the photographic paper 
were six lines equi-spaced across the width of the paper; these 
were the shadows of six moving elements of a specially con- 
structed galvanometer, each of whose six moving elements were 
electrically connected to a certain one of the six listening instru- 
ments on the sound-ranging base. When the sound of an enemy 
gun arrived at listener No’. I there occurred a slight twitch in the 
element No. I of the galvanometer, and this twitch was photo- 
graphed on the moving photographic paper strip. The time the 
twitch occurred could be estimated with an accuracy of at least a 
hundredth of a second because the record of the time was super- 
posed on the same piece of photographic paper. When the sound 
arrived at listener No. 2 the element No. 2 of tihe galvanometer 
recorded in a similar manner the exact time of arrival, and the 
same was true when it arrived at the listeners connected with the 
other four elements. Thus if the mechanism were set in motion 
before the sound of the gun reached the listener nearest to the gun 
and was allowed to run until the sound reached the listener far- 
thest from the gun, the photographic record which was automat- 
ically developed and fixed contained all the information necessary 
to calculate the gun position; i.e., it contained the five intervals 
between the times of arrival at the six listening instruments; if, 
as was generally the case, the recorder was run for twenty or 
thirty seconds the record usually cont,ained the record of the burst 
of the enemy’s shell and the position of this could also be reported 
to the artillery within from one to’ two minutes after the gun 
had fired. 

Since a typical record not only contained data from which the 
position of the enemy gun could be located, but also contained data 
from which the location of the burst of the shell could be calcu- 
lated, both the range and time of flight of the shell could bc 
calculated. In the case of guns employing fixed ammunition 
charge, a knowledge of these two quantities was sufficient to de- 
termine the calibre of the gun, since the values of the muzzle 
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velocities of many of the German guns were well known to the 
Allies. Even in the case of guns not employing fixed ammunition 
charge the fact that the burst of the shell could be located enabled 
the officer in charge of the section to recover fragments of the 
shell on which to base an estimate of the calibre. 

The possibility of an estimate of the calibre of the enemy guns 
was one of the unique features of sound-ranging-another im- 
portant feature was the ability to locate guns which were brought 
up by the enemy in preparation for an attack and which were 
therefore not used in the period preceding the attack in order to 
insure an element of surprise. Such guns usually fired but one or 
two ranging shots, and if they were well concealed usually escaped 
detection by ordinary means; many such guns were located by 
sound-ranging when they fired their ranging shot or shots. 

ACCURACY OF SOUND-RANGING IN THE A. E. F. 

The limitation to the accuracy attained by the sound-ranging 
in the A. E. F. was partly scientific and partly set by practical 
working conditions. As regards the latter it is of course obvious 
that the necessity of mobility, the fact that any system must be 
o,perated by rather has’tily trained men of average intelligence, 
the fact that results must generally be reported quickly to be of 
the greatest service, and finally the fact that an accuracy greatly 
in excess of that of modern artillery fire is not necessary, all pre- 
clude the use of apparatus designed solely with the object of at- 
taining great accuracy. 

The scientific limitations are in part geometrical, in part 
meteorological and only in part instrumental. Sound-ranging is 
of course a type of survey, and the accuracy to be expected is in 
part determined by the length of the base. 

We have used six listeners equi-spaced along the arc of the 
circle concave toward the enemy and with the centre of the circle 
at or near the point about which the enemy’s artillery has been 
grouped in the sector. This generally results in the radius of the 
circular arc being from 2~1-30 sound-seconds in length and the 
distance between listeners on the arc being 4, 4% or 5 sound- 
seconds. (One sound-second is 337 metres.) The combination 
25 sound-second radius and 446 sound-seconds interval has been 
most used. Straight bases (R=infinity) have been used. The 
practical objection to the straight base that their use in general 
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results in longer films to a record is not very serious, while the 
theoretical objection that every location is capable of two solu- 
tions, one in front and one behind the line of listeners, applies only 
to the location of shell-bursts, which is a matter of no practical 
importance. Bases of more than 5 sound-seconds interval, while 
they would result in increasing accuracy, would be difficult to keep 
in operation on an active front because of wire cutting. On a 
quiet front a base of 6 seconds might be used to good effect, but 
it would probably have to be shortened if the front became active 
and this would leave a gap between neighboring sections. A better 
plan to secure the advantages of a long base is one we had in oper- 
ation in preparation for the siege of Metz; this was to lay out 
adjacent sections so that they could be coupled to form one sec- 
tion of very long base for the more accurate location of guns of 
the heavier calibres. 

The meteorological limitations were the most serious; these 
were quantitative and qualitative; that is, the exact knowledge of 
the direction and magnitude of the wind and the temperature were 
generally lacking, so that wind and temperature corrections were 
uncertain. Much was done to reduce this uncertainty by the Brit- 
ish, who employed so-called wind sections near the front where 
empirical corrections were determined by the use of sound-ranging 
apparatus to secure the sound coordinates of a source of sound 
whose geographic coijrdinates were known. The factors’ neces- 
sary to convert the sound coordinates to the geographic were 
telephoned every two hours to the sound-ranging sections. This 
empirical method of applying wind and temperature corrections 
served its purpose very well and as a by-product furnished some 
material which should be interesting to the meteorologist. We 
never had to use wind sections in the A. E. F. because it was 
found by comparison of the data of the wind sections and those of 
the Army meteorological service that the actual wind velocities, 
directions, and temperatures, existing at a height of 50 metres 
gave the same over-all corrections as those obtained from the 
wind sections. 

The limitations referred to as qualitative above were more 
serious. When a strong wind was blowing towards the enemy 
the sound was bent up so that it did not reach the listening instru- 
ments. When the wind blew from the enemy the sound reached 
the listeners well but the character of the records was rendered 
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less sharp, and so inaccuracies8 in the time intervals were intro- 
duced. Irregularities in temperature also produced analogous 
“mirage” effects which confused the records. -Generally winds 
tended to reduce accuracy, for they necessitated screening of the 
listeners, which resulted in a slight decrease in sensitivity. Good 
screening was possible, however, and latterly the use of trans- 
formers in the circuit was’ coming into use. This was tried first 
by the Americans and was given a try-out by the British, and 
would probably have been adopted by both services as it did 
away entirely with a number of electrical comp1ication.s and com- 
pletely removed the irregular slow-period fluctuations due to poor 
wind screening. Lastly, there were instrumental limitatioas. Lack 
of sensitivity was not one of these-it is true that with a more 
sensitive recording instrument the listening instruments might 
have been further in the rear and greater safety to the men and 
less wire cutting would have resulted; however, the importance of 
the wind and temperature corrections which are the uncertain 
elements in sound-ranging wo’uld have been increased, and more 
than this, it was our experience that the nearer the front a section 
was the more efficient it was. The men kept in better touch with 
what was going on and had a lively interest in locating and 
sileocing the enemy batteries whose shells fell close to the section. 
Besides we were able to obtain the highest grade of enlisted man 
for the service because it was in a sense a front-line proposition. 
This would not have been so had we installed our sections’ further 
to the rear. The chief danger of instrumental inaccuracy was in 
the timing device. The French used clockwork, which was un- 
reliable. We, copying the British, used a timing device governed 
by a tuning fork which we found satisfactory with modifications 
suggested by a special study made to determine the effect on the 
rate of the fork of contact’ pressure, level, amplitude, mass of 
fork, etc. The rate of the forks was checked from time to time 
as an erro,r in the timing is of course fatal to accuracy. However, 
instrumental timing errors are not as fatal as irregular errors in 
the time intervals due to meteorological causes since the instru- 
mental errors are at least systematic and affect all the intervals 
proportionally while the irregular errors may amount to a large 
portion of the interval. 

A theoretical examination of the effect of unsystematic errors 
leads to the result that they are about seven times as great in 
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range as they are in line, and that they are less the longer the 
sound-ranging base. Likely errors from this source in average 
weather and for the type of base most u.sed are from 30-40 metres 
in range. In good sound-ranging weather these errors are absent. 
Errors likely to be introduced from lack of exact knowledge of 
the wind in average weather are about 30 metres, while those from 
uncertainty as to temperature are pratically negligible. Neither 
of the latt,er is dependent on the length of the base. 

An estimate of the probable over-all error of one observation 
including that due to geometrical causes is expressible as follows : 
In the normal battle area for a 4% second base of 25 sec. radius 
the probable error of a location on the right bisector to the base 
would be 20 metres at 4 kilometres and So metres at 12 km. Along 
a parallel vo the right bisector drawn from a flank of the base it 
would be 50 metres at 4 km. and IOO metres at 12 km. Most of 
the heavy calibre guns are grouped 7 or 8 km. from the base, and 
the bulk of the field guns lie from 4 to 7 km. from the base. 

lifter September IO, 1918, it was possible to survey the cap- 
tured German battery positions in the St. Mihiel salient and 
compare the locations made by the sound-ranging with the actual 
surveyed positions on the ground. The locality was very favor- 
able for a study of the accuracy of sound-ranging for two good 
sectiolns had been working in the region for a period of six months 
-in fact from the date of the entry of the first American division 
into the line. 

The survey was performed by the Army topographic troops, 
who had no direct interest in the results. The sound-ranging lo- 
cations of the various active batteries were obtained from the card 
catalogues of activity and locations kept throughout the six 
months : each location bore an estimate of the probable accuracy 
based on the character of the intersections on the graphical plotting 
board at the time the location was made. The same system was in 
use throughout all the sections and was as follo’ws : P-error not 
more than 50 metres, Q-not more than IOO metres, R-not more 
than 150 metres, RR-more than 150 metres. In most cases 
there were a considerable number of locations of each battery so 
that weighted mean values of the coordinates could be taken. The 
system of weighting- was to count P four, Q three, R two’ and 
RR one. 

Captain C. B. Bazzoni, Engineers, prepared a very interesting 
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report on the accuracy obtained by Sections I and 3 of which he 
was in command for the period March toI September, 1918, an 
extract from which is given below. This report we had printed 
and distributed to all superior officers, Staff and Artillery, in the 
A. E. F., and to the Belgian, British, French and Italian officers 
in charge of sound-ranging in the armies of these nations. 

The P, Q and R ratings as referring to any one location give the com- 
puting officer’s critical estimate of the technical excellence of the deter- 
mination. These locations result from a mathematical-physical procedure 
of such a nature that, if the wind and other corrections are properly 
applied and the atmospheric conditions are properly evaluated, the final 
result must positively indicate the exact source of the sound. There are 
in practice always certain possible errors, the limits of which must in each 
case be estimated by the computing officer. Although the computing 
officer’s estimate will be more or less valuable, depending on his general 
grasp of the physical problem and on his knowledge of the determining 
factors and of their mode of variation, the data here submitted show that 
in our service these estimates were generally fairly true. It is evident 
that P locations average better than Q, Q’s better than R, and R’s better 
than RR’s, and that a location, judged by a competent computing officer 
in the light of known weather, instrument and line conditions to be within 
the limits of error of one of these categories, is to a high probability 
actually within these limits. There are, nevertheless, possibilities for a 
considerably greater variation in any one individual location than might 
be expected. These variations are due largely to an insufficiently accurate 
knowledge of the weather conditions. 

It is clear that since the nature of the errors involved is accidental, 
the average of any considerable number of locations, in themselves inac- 
curate, is certain to be of a much higher degree of dependability. Four 
or five locations made under different weather conditions constitute a 
considerable number in the sense here used, and the mean of these four 
or five can be depended upon to be close to the true battery location, even 
though the constituent data are all of “ R” accuracy. These facts are 
fairly well demonstrated by the evidence examined. This statement can 
be otherwise expressed by saying that five or more independent “ R ” 
locations enable us to place a battery with “ P ” accuracy or better. It is 
because of these facts that Section Commanders in our service have been 
directed to distinguish in orders of accuracy the accuracy to be ascribed, 
in the judgment of the computing officer, to any one location and the 
accuracy of determination of a battery position from a series of observa- 
tions. The order of accuracy of the mean position will, as above pointed 
out, be always higher than that of the constituent data and can only 
properly be determined through a consideration of the number of inde- 
pendent values involved in the mean. A battery location should be rated 
R on a single determination because of our necessarily uncertain knowl- 
edge of the weather conditions, although the film itself may be judged 
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P or Q. A I‘ Q ” can, however, safely be given to the weighted mean of 
four or five locations irrespective of the ratings of the individual deter- 
minations and a P can similarly be assigned to the weighted mean of 
eight or ten locations. The attached data show that a P battery location 
is safe to 25 metres. The principal factor entering into the accuracy rating 
of a battery position is seen to be the number of locations obtained of 
whatever accuracy, but it will be understood that the giving of an order 
of accuracy to a battery location cannot be reduced to a mere mechanical 
consideration of the number of independent determinations involved. even 
though it is mainly based on this number. The grouping of the locations 
should be considered and should be found normal. A normal grouping 
is roughly elliptical with an axial ratio of I to 3 or thereabouts. The 
major axis lies roughly on the line, battery to centre of base chord. 

The batteries discussed in the group covered by this paper (The Mont 
Set group) are selected from this group as typical. Persons studying this 
report can safely accept the conclusions to which it leads without waiting 
for the reports on other groups. There is no essential difference in the 
character of the results obtained in the different groups or in the batteries 
of any one group. 

We can sum up by saying that a single Sound-Ranging location 
rated P, Q or R is to a high degree of probability within the limits of 
error stated for these ratings; that a mean Sound-Ranging location com- 
prising seven to ten or more individual determinations is to a considerable 
degree of certainty within 25 metres of the activity centre of the battery. 
In consequence it is probably just to conclude that Sound-Ranging is in 
general practice more dependable for compiling lists of active batteries 
and for detecting the active part of a given battery, than any other agency. 
It should, however, be pointed out that the highly technical procedures 
involved and the breadth of general scientific knowledge required to get 
results of this grade consistently, demand a highly qualified, highly 
trained and experienced personnel and a properly handled apparatus of 
the general character of that in use by our sections. 

The attention of readers of this report is directed to the fact that the 
methods used for locating active batteries by Sound-Ranging are not the ones 
made use of in ranging our artillery on an objective. The placing of the bursts 
relative to one another is accomplished by other procedures, which enable 
us to report the relative positions to a considerably higher degree of 
accuracy. It will be seen that a dispersion of locations of successive 
bursts, such as is shown on the attached map squares, would be of no use 
in correcting artillery fire. This dispersion results from the dissimilarity of 
weather conditions on different days. The results obtained from any one 
battery at any one time, roughly speaking, within three or four hours, 

invariably check very closely indeed with <one another; but these succes- 
sive determinations do not appear on our records, being looked upon 
as duplications. 

An idea may be gained of the amount of artillery information 
supplied by the sound-ranging sections from the following extract 
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taken from the report of the artillery information officer of one 
of the American corps. This officer had at the time as sources 
of information three American sound-ranging sections, two 
American and three French flash-ranging sections, aviation and 
observation balloons. During a period of three weeks of rapid 
advance 425 separate locations of enemy batteries were made; of 
these the two American flash sections reported 63 per cent., the 
three French flash sections reported 16 per cent. and the three 
American sound sections reported 21 per cent. In a period of 
two weeks when the advance had been temporarily checked by the 
enemy the total number of locations was 392 and the percentages 
were : From three American flash sections, 38 per cent.; from 
two French flash sections, 8 per cent., and from t.!lree American 
sound sections, 54 per cent. In another and very active sector the 
figures were: During a period of three days’ preparation for an 
advance, sound locations, 22 ; flash, 22; balloons, o; aviation, o. 
During a period of sixteen days of rapid advance : Sound, 4; flash, 
46; balloons, 30; aviation, 15. During a period of four days of 
stabilization : Sound, 6; flash, 34; balloons, 13 ; aviation, 15. These 
figures are fairly characteristic. During preparations for an 
advance, both the sound and flash sections are very useful sources 
of information. During rapid advance the sound rangers do not 
get into action as. often as the flash because of the greater technical 
difficulties. During this period the major part of the informa- 
tion comes from the aerial observation. 

American sound-ranging sections were operating on the front 
from March, 1918, until the armistice, and always in sufficient 
numbers to cover the sectors held by American troops except for a 
portion of the front of the Argonne offensive when the line was 
moving rapidly. The work of the officers and men of the 74th 
Engineers engaged in this service was of a very high order, and 
their untiring watchfulness was often the indirect means of saving 
the lives of countless of their fellow-soldiers by procuring the 
information needed to silence the fire of the enemy guns. 


